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Detrital zircon ages in heavily folded quartzite compared to Steptoe Butte
Travis Morton & Chad J. Pritchard, Eastern Washington University, Department of Geosciences
Abstract:

Structural Interpretation:

Folded and altered quartzite along Interstate 90 and the Palouse to Cascades Trail
out of Rosalia, WA preserves a record of the region’s tectonic past. The working
hypothesis is that the sandstone is Cambrian (roughly 500 million years old) and
was metamorphosed and deformed during the Sevier orogeny (roughly 150 to 50
million years ago), and then uplifted about 50 million years ago. The first step to
address the hypothesis is to determine the age of the rocks using detrital zircon
U/Pb analyses. The second step is for a detailed field study to identify relationships
between metamorphic grades and geologic structures. For comparison samples
from the nearby Steptoe Butte were also analyzed, which is likely Cambrian
(roughly 500 million years ago) based on an abstract with un-published results by
Ellis and others (2004). From this study we hope to help decipher the older
geological past of our area, since so much of our regional geology is dominated by
younger 16-million-year-old basalt and 16,000-year-old mega flood deposits.

Results:
Rosalia, PalouseCascades Trail quartzite.
n=110

Steptoe Bute quartzite.
n=110 zircon grains.

Introduction:
Cambrian quartzite for
comparison (Addy,
Chewelah) n=86 zircon
grains (Linde et al).

Fig. 6- Major faulting and deformation was found at the Rosalia outcrop as illustrated above.
Evidence of several reverse faults are shown in red and yellow and areas of alteration from
hydrothermal activity are indicated in blue. Figures were created from a sires of drone images and
rendered in 3d to capture the entire outcrop.
Fig. 7- The left shows chatter-marks
pointing to the east indicating there
has also been lateral strike slip motion
on top of faulting at the Rosalia
outcrop.
Fig. 8- The right shows intense folding
in the bedding of the quartzite at the
Rosalia outcrop.
Looking East

Fig. 1 - Map to the left shows the location of Palouse-Cascades State Trail outcrop and
Steptoe Butte State Park. A series of NW trending quartzite buttes are identified in the
red rectangle. Fig. 2- Top right shows the Road out crop next to highway 395. Fig. 3Bottom right shows Southwest side of Steptoe Butte.

Fig. 9- Above shows a conceptual image of how the Rosalia outcrop and Steptoe Butte are most
likely connected forming a quartzite ridge underneath the younger Columbia River Flood basalts
and Palouse quaternary deposits, see Fig. 1.

Detrital Zircon U/Pb Age Determination:

Fig. 4- The left image shows Steptoe Butte quartzite with a tan/brown weathered
surface. Its fresh surface is light tan/white, and its composition is dominantly quartz
with some iron oxides. It is medium grained and shows no visible foliation or
lineation.
Fig. 5- The right image shows Rosalia Outcrop quartzite with a gray weathered
surface and a white fresh surface. Its composition is mostly quartz with some mica
and oxides. It is coarse grained and shows intense folding.
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Fig. 13- The data collected
from the zircon grains was put
into a Normalized Probability
Plot to the left. Each line
represents the statistical
distribution of measured
detrital zircon ages. The green
on top represents the Rosalia
outcrop, middle red is Steptoe
Butte, and the bottom blue
represents an already known
Cambrian quartzite for
comparison. The peaks
represent the number of
detrital zircon ages measured
from each sample. Steptoe
Butte and the Rosalia outcrop
have peaks over the 1800 Ma
age with lesser peaks over the
2500 Ma age. These are more
like Cambrian detrital zircon
ages distribution, but not
directly correlative to the Addy
Quartzite in NE WA.

Discussion:
Fig. 14- To the right is a figure from
Box and others (2020) showing the
Laurentian Craton overlaying the
North American continent. The
ages of the Quartzites that have
been analyzed fit into two crustal
zones: the 1.8-1.6 Ga light pink
juvenile crust and the >2.5 dark
pink and light blue Archean crust.
It is within reason to think that
these zircon grains came from
these crustal locations by way of
streams flowing from West to East
as indicated with the blue arrow.
The grains were then deposited
offshore in the Cambrian roughly
500 Ma and then metamorphosed
during the Sevier Orogeny roughly
150 to 50 million years ago.

Conclusions:
• Steptoe Butte and the Rosalia outcrop ages were determined to be between
1.8 Ga and 2.5 Ga matching other known Cambrian quartzite age dates (Linde
et al., 2017).
• Rosalia outcrop has been intensely folded and deformed and is most likely a
fault zone in the quartzite ridge that extended underneath the Columbia River
Flood Basalts and Palouse flood Deposits.
• Rosalia and Steptoe are part of a larger NW trending ridge of Cambrian
Quartzite, that are likely part of the upper block of a geologically-significant
piercing-point of tectonic boundaries that formed the PNW prior to 150
Million years ago.

Fig. 10- Above shows an image with detrital zircon grains that
have been targeted for laser ablation on the ICP-MS at the
WSU GeoAnalytical Lab. Zircon grains were separated and put
on mounts in the USGS-EWU Mineral Separation Lab.
Fig. 11- Top right image shows a cathodoluminescence (CL)
image of zircons from the Rosalia outcrop.
Fig. 12- Right image shows the LA-ICP-MS in the GeoAnalytical
Lab at WSU.
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